Attempts have been made by Barber and Frazier (1945) to correlate variation in the morphology of colonies of lactobacilli with changes in the biochemical and physiological properties of cultures arising from rough or smooth cells. These workers reported that cultures from rough colonies of Lactobacillis bulgaricus were less desirable Swiss cheese starter cultures than those from smooth colonies. More recently Rogosa and Mitchell (1950) Media. The carrot liver medium was prepared as described by Barber and Frazier (1945) . Peptonized. milk medium contained 10 g Difco peptonized milk in 1,000 ml of distilled water at pH 6.6 to 6.8 before sterilization. The semisynthetic medium was that of Hoff-J0rgensen, Williams, and Snell (1947) and was used undiluted. Basal medium "B" contained 10 g Difco peptonized milk, 10 g glucose, 10 g lactose, 1.0 g sorbitan monooleate ("tween 80"), and 100 ml pancreatin-hydrolyzed casein (Roberts and Snell, 1946) , adjusted to pH 6.6 to 6.8, and made up to 900 ml with distilled water. Ten ml of the solution to be tested or 10 ml of water were added to 90 ml of this medium just prior to its inoculation.
creatin-hydrolyzed casein (Roberts and Snell, 1946) , adjusted to pH 6.6 to 6.8, and made up to 900 ml with distilled water. Ten ml of the solution to be tested or 10 ml of water were added to 90 ml of this medium just prior to its inoculation.
To determine the effect of treatments on types of colonies produced an 18-to 20-hour broth culture was diluted, aliquots were distributed in replicate plates, and agar containing the test materials was added. The plates were incubated at 37 C and after 48 hours the subsurface colonies were differentiated and counted.
Stock cultures were transferred monthly in carrot liver agar stabs and were held at 4 C between transfers. Working cultures were maintained by daily transfer of a 1 per cent inoculum into carrot liver broth, followed by incubation at 37 C.
The colonies produced by cultures of lactobacilli, as illustrated in figure 1 of the paper by Barber and Frazier (1945) , were fuzzy, disk, lumpy-disk, fuzzy-disk, and fuzzy-lumpy. In the present work only subsurface colonies were counted and for convenience lumpy, fuzzy-lumpy, and fuzzy-disk colonies were grouped as intermediate colonies. Fuzzy and intermediate colonies were considered to have "rough" tendencies, whereas lumpy-disk and disk colonies were considered to have "smooth" tendencies.
RESUL
The type of colony from stock cultures of lactobacilli plated in carrot liver agar depended upon the species. Cultures of L. casei always produced smooth (Barber, 1944; Osterhoudt, 1947) (McDonald, 1948) had shown that cultures of L. kactis X-37 formed rough colonies in a semisynthetic agar of Hoff-J0rgensen, Williams, and Snell (1947) . It also was noted that the addition of Difco peptonized milk to the semisynthetic agar 1951] favored an increase in the percentage of smooth colonies. Treatment of peptonized milk solutions with activated carbon did not completely nullify the favorable effect of this ingredient. Previous data had shown also that peptonized milk agar supported the growth of L. kactis X-37 and that the percentages of dissociants were approximately the same as the percentages in carrot liver agar. These data seemed to indicate that some components of the semisynthetic medium were responsible for the changes in the morphology of the colonies when peptonized milk and semisynthetic media were combined.
Effect of ingredients of semisynthetic medium. In an attempt to determine which of the ingredients of the semisynthetic medium was responsible for the changes (0.007 M) * Basal "B" agar contained peptonized milk, glucose, and lactose 10 g ea.; pancreatinhydrolyzed casein, 100 ml; and sorbitan monooleate, 1.0 g per 900 ml of medium. The addition of 100 ml of test solution prior to use gave a final volume of 1 liter.
in the morphology of colonies, each of the components of the semisynthetic medium was added to a base of peptonized milk agar. The addition of glucose, lactose, pancreatin-hydrolyzed casein, or sorbitan monooleate, or the addition of these components together, did not affect the appearance of colonies. However, since growth was more rapid in these media than in plain peptonized milk agar, further experiments were conducted with basal medium "B," which contained peptonized milk, glucose, lactose, pancreatin-hydrolyzed casein, and sorbitan monooleate. The remaining ingredients were tested individually except that the B vitamins, the inorganic salts, and the purines and pyrimidines were tested as mixtures.
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The addition of cysteine to the basal medium resulted in a marked increase in the percentage of smooth colonies, as shown in table 4, but the addition of the other ingredients had little or no effect. Cysteine was active whether it was added to the medium and sterilized together with the other components or was added to the sterile medium as a solution sterilized by filtration. The addition of cystine also favored smooth colonies, but the low solubility of cystine prevented its addition as a filtered solution, and it is probable that an equilibrium was established between cysteine and cystine as a result of sterilization in the presence of the other components of the medium. The amount of cysteine added to the medium did not affect the total percentage of smooth colonies (lumpy-disk plus disk), although the percentage of disk colonies was increased considerably as the concentration of cysteine was increased from 0.02 to 2.0 per cent. However, at no time were the percentages of dissociants altered so that all of the colonies could be classified as smooth.
The effect of cysteine on the appearance of colonies might have been due to its reducing action, but when sodium thioglycolate or ascorbic acid was substituted for cysteine, the morphology of colonies of L. lactis X-37 was not affected. These results seemed to indicate that the effect of cysteine was not due to its reducing action alone.
When methionine was substituted for cysteine, little effect on the percentages of dissociants was noted until the concentration added was twice that of the cysteine used. Even at this high concentration methionine did not favor so great a change as cysteine, and only the originally smooth cultures of L. lactis X-37 were affected; the rough cultures did not respond to methionine.
When cysteine was replaced by alanine or serine, a slight increase in the percentages of smooth colonies was obtained. Serine was more effective than alanine, but neither was so effective as cysteine. The effect of serine may have been due to its conversion to cystine by lactobacilli (cf. Hift and Wallace, 1949) . This was partially confirmed in that the addition of filtered serine to a medium that contained homocystine (sterilized with the other components) resulted in an increase in the percentage of smooth colonies comparable to that obtained with cysteine. The addition of either serine or homocystine alone was not effective. The lack of effect of homocystine might have been due to the low concentration used, although the molar concentration was in the same order of magnitude as that of cystine in other experiments.
Effect of cysteine plus carbon dioxide. Since cysteine and carbon dioxide were both shown to affect the percentages of dissociants from cultures of L. lactis X-37, the combined effect of these substances was studied. When cultures were plated in the presence of cysteine and incubated under carbon dioxide the results in table 4 were obtained. The effect of cysteine was equal to that of carbon dioxide with both rough and smooth cultures but only with the rough cultures were the effects additive. (Note that the cultures were termed rough and smooth on the basis of the predominant types of colonies in carrot liver agar at the beginning of these studies and that the percentages of dissociants in basal medium "B"
are not necessarily the same as those in carrot liver agar.)
1951]
Effect of combined addition of cysteine, acetate, and sorbitan monooleate. Preliminary experiments had shown that the addition of cysteine to carrot liver agar did not affect the percentages of dissociants from cultures of L. lactis X-37. It has been shown above that the addition of cysteine to a basal medium of peptonized milk, pancreatin-hydrolyzed casein, and sorbitan monooleate favored the development of smooth colonies and that the addition of acetate to carrot liver agar also favored smooth colonies. However, since the procedure used in the preparation of pancreatin-hydrolyzed casein involved the addition of acetate, the possibility was investigated that both acetate and cysteine were responsible for the effect shown by cysteine in basal medium "B." Since sorbitan monooleate has been shown to influence the development of smooth colonies of some lactobacilli (Rogosa and Mitchell, 1950) its effect was studied also.
Agar media with peptonized milk as a base were prepared with acetate, cysteine, and sorbitan monooleate added singly or together, as shown in table 5. Effect of the addition of cysteine, acetate, and sorbitan monooleate to agar on percentages of dissociants from a broth culture of Lactobacillus lacti8 X-37 (at 37 C) 
DISCUSSION
The appearance of several types of colonies from cultures of lactobacilli has been observed by numerous investigators, and recent evidence has indicated that some of the variations are due to the medium employed rather than to the inherent characteristics of the organisms. The present investigation showed that the composition of the agar media affected the appearance of the colonies and that environmental conditions (anaerobiasis and reaction) seemed to have a greater effect than specific components of the medium.
The morphology of colonies of L. lactis X-37 was affected by the hydrogen ion concentration of the agar and was dependent upon the acidity of the medium at the time growth was initiated and during logarithmic growth. When cells initiated growth at an unfavorable pH and when no attempt was made to maintain a favorable pH in the vicinity of the colonies during their development, the rough tendencies of the cells seemed to be favored. Braun (1946) has shown that the pH of broth media influenced the percentage of dissociants from cultures of Brucella abortus. However, the pH of broth had no effect on the dissociants of lactobacilli in the present studies. Since a suitable pH for the development of smooth colonies was maintained by any of several buffers, this effect was not similar to that reported by McIlroy, Axelrod, and Mellon (1948) , in which case acetate was essential for the maintenance of mucoid, virulent strains of hemolytic streptococci.
Carbon dioxide, since it lowered the pH of agar media, also favored smooth colonies, and part of the effect could be attributed to the buffering action of bicarbonate. However, since the percentage of smooth colonies was greater in a medium of low pH incubated under nitrogen than on incubation in air, it appears that anaerobic conditions also were important for the development of smooth colonies.
Two species of L. helveticus that produced rough colonies in carrot liver agar and rough cultures of L. lactis X-37 did not grow in highly buffered agar unless anaerobic conditions prevailed. Just why these organisms required a lowered oxygen tension is not known, but a similar effect of oxygen has been reported by Brodie and Shepherd (1950) , who demonstrated that rough cultures of intestinal pathogens were unable to initiate growth in certain bile salt agar media unless the oxygen content of the atmosphere was reduced.
The reason for the favorable effect of cysteine is not clear, but since thioglycolate or ascorbate failed to replace cysteine, its activity did not appear to be due to its reducing ability. Cystine replaced cysteine, but under the conditions of the experiments part of the cystine probably was converted to cysteine; homocystine was relatively ineffective, but serine and homocystine together favored smooth colonies. The evidence seemed to indicate that cysteine or cystine was specific, but the mechanism of action is not known. However, it is apparent that cysteine was more effective in buffered medium than in a poorly buffered one.
1951]
Sorbitan monooleate was found to favor smooth colonies of only some species of lactobacilli and to be unfavorable for smooth colonies of other species. Rogosa and Mitchell (1950) The total number of colonies from cultures was unaffected by any of the treatments, and it appears that the smooth colonies did not arise at the expense of rough colonies through a selective action. The smooth colonies that arose under special conditions were unstable and could not be kept smooth when they were returned to a reference medium of caxrot liver agar.
